abstract OBJECTIVES: Sleep difficulties are common in children with autism spectrum disorders, with wide-ranging effects on the child's daytime behavior. We reviewed data within our Autism Speaks Autism Treatment Network Registry to determine the prevalence of sleep difficulties and patterns of medication use.
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Sleep difficulties are very common in children with autism spectrum disorders (ASD), with an estimated prevalence of 50% to 80%. [1] [2] [3] Within the Autism Speaks Autism Treatment Network (ATN) Registry, sleep disturbance was found to be a prominent parent-reported concern from early childhood through adolescence. 4 Sleep has been the focus of several other ATN registry studies. In 1 investigation, poor sleep was associated with greater internalizing and externalizing behavior problems and poorer adaptive skill development. 5 In another analysis, children and adolescents defined as poor sleepers were also reported to have higher rates of problems with behavior than were good sleepers, including in the areas of hyperactivity, sensory issues, anxiety, and self-stimulatory behavior. 6 Additional studies utilizing the ATN registry documented that sleep disturbance was associated with aggression, 7, 8 anxiety and sensory overresponsivity, 9 and poorer health-related quality of life. 10 Registry studies to date have not examined the relationship between parental concerns related to sleep assessed by using questionnaires versus those reported to clinicians. The use of medications in relation to sleep concerns has also not been examined.
Given this evidence that sleep concerns are both common and associated with daytime symptoms, it is important that primary care providers be vigilant to sleep concerns voiced by parents. However, given parents'multiple concerns regarding their children's behavior, or their belief that poor sleep is "part of autism," parents may not express concerns about sleep to their children's primary care provider. 11 Even when sleep concerns are raised by parents to primary care providers, additional treatment challenges remain. Causes of sleep difficulties in children with ASD are often complex and multifactorial. 12 Although some children require medications for treatment, others may require different types of interventions. For example, sleep difficulties may be related to co-occurring medical conditions (eg, epilepsy or gastroesophageal reflux) 13 ; these can be challenging to identify in a child with ASD. Causes commonly seen in children with typical development (eg, poor sleep hygiene, behavioral insomnia of childhood) may also be present and be exacerbated by communication challenges unique to autism (eg, difficulty with transitions or with understanding parent expectations regarding sleep). Providers may not have received training, or have the time, to implement behavioral interventions for sleep in children with ASD. Facing the challenge of dealing with sleep concerns raised by a parent, providers may turn to recommending medications despite the limited evidence base for medication use in this population. 11 We reviewed data from the ATN registry to compare the prevalence of parent-reported concerns about sleep captured on questionnaires with diagnoses of sleep disorders captured by clinicians. We also wished to explore medication-prescribing patterns. This understanding is critical to planning prospective studies of sleep and medication use, which will inform recommendations for evaluating and treating sleep difficulties in this population. We hypothesized that, within our sample, that (1) parent questionnaires and clinician diagnoses of sleep concerns would differ in prevalence in children with ASD, with parents more commonly reporting sleep concerns on questionnaires than to their child's clinician, and (2) the use of medications for sleep would be associated with challenging daytime behaviors and poorer quality of life. On the Registry Diagnosis and Problems form, autism providers were instructed to indicate medical diagnoses or problems that were observed or, in the case of sleep, that were reported to them by a parent. On a later version of the form, instructions were clarified to the autism providers to include diagnoses and problems that were managed by an ATN clinician, even if they themselves did not manage this problem. The purpose for this change was to ensure that problems being managed by a subspecialist would be captured in the registry even if the clinicians themselves did not manage that problem. Because a preliminary analysis revealed that the prevalence of reporting sleep diagnoses was higher after the form change, we restricted our sample to cases in which the later version of the form had been completed. Thus, the current study includes 13 sites that participated in the data collection using the later version of the form. Although the Registry Diagnosis and Problems form was completed by guest on March 20, 2016 Downloaded from at each clinician visit, with visits scheduled annually for 3 consecutive years, missing data did not allow us to carry out longitudinal analyses on this data set. Only 3 of the 1518 children (0.2%) in our sample had a complete set of longitudinal data (visits 1, 2, 3, and 4) from the Diagnosis and Problems form; only 41 (2.7%) had data from visits 1, 2, and 3; and only 237 (15.6%) had data from visits 1 and 2. Only 1 CSHQ and 1 Diagnosis and Problems form was included per child.
METHODS
The categories of sleep disorders documented on the Registry Diagnosis and Problems form were based on the International Classification of Diseases, Ninth Revision (ICD-9), codes and included the following: behavioral insomnia of childhood, inadequate sleep hygiene, organic insomnia unspecified, sleep disturbance not otherwise specified, and other sleep disorder. The Registry Medications form documented medication use. For α-agonists, melatonin, and other agents, the Registry Medications form allowed a designation that the medication was "taken for sleep." Sleep disorders and medications were coded as present if they were documented at any visit.
The CSHQ is a validated, parentcompleted questionnaire that has been used to examine sleep behavior in children with a variety of conditions. 14 Although initially published based on a sample of children ages 4 to 10 years, it has also been used in toddlers with ASD 16 and adolescents with ASD (although not formally validated in these groups). 4 Therefore, we restricted our sample to children ages 4 to 10 years because the CSHQ has been validated in this age group. Insomnia subscales of the CSHQ include bedtime resistance, sleep anxiety, sleep-onset delay, sleep duration, and night wakings. A CSHQ total score of ≥41 was used to define sleep disturbance on the basis of previous clinical validation studies. 14 Other behavioral measures included the Aberrant Behavior Checklist (ABC), the Child Behavior Checklist (CBCL), and the Parent ProxyReport Pediatric Quality of Life Inventory (PedsQL).The ABC is a 58-item behavioral scale that can be completed by parents. 17 Initially validated for ages 6 and older, it has also been validated in children as young as 14 months. 18 For this project, the Irritability scale was analyzed. The CBCL is a checklist parents complete to detect emotional and behavioral problems in children and adolescents. There are 2 versions, 1 for ages 1.5 to 5 years 19 and 1 for ages 6 to 18 years. 20 For this project, the Internalizing and Externalizing subscales, which are common to both versions, were analyzed. The PedsQL measures health-related quality of life in children and adolescents ranging in age from 2 to 18 years and contains 23 items encompassing physical, emotional, social, and school functioning. 21 The Total scale score was used for this project.
Statistical analyses were performed by using SAS software, version 9.4 of the SAS System for Windows (SAS Institute, Cary, NC Table 1 presents summary characteristics of the ATN registry sample for the 2 age groups. The sample was predominantly male and white, with additional participants reported as black or African (6%), Asian (5%), and other or multiracial (9%). The sample was predominantly of non-Hispanic ethnicity (93%). The Diagnosis and Problems form captured sleep-disorder diagnoses in 30% of children. The CSHQ total score was ≥41 in 71% of children. The proportion of children with an elevated CSHQ total score was higher than the proportion of children diagnosed with a sleep disorder by an ATN clinician (P < .0001). By using the CSHQ form as the "gold standard," with a CSHQ score of ≥41 considered a positive finding on this form, the sensitivity and specificity of the clinician report (any problem considered positive for sleep disturbance) were 38% and 88%, respectively. The median time between completing the CSHQ and the Diagnosis and Problems form was 76 days. Data are presented as percentages (n/N) unless otherwise indicated. Due to missing data, "n" for each variable may be less than the total sample "N". Table 2 presents the percentages of sleep diagnoses in the ATN registry sample for the 2 age groups (calculations only included those who had received any sleep diagnosis). The most common diagnosis in both groups was sleep disturbance not otherwise specified. Apart from α-agonists and melatonin, the following categories of medications were recorded on the registry form as "taken for sleep": antidepressants, antihistamines, atypical antipsychotics, benzodiazepines, β-blockers, sedatives, iron supplements, and vitamins/dietary supplements (Table 3 footnote "a" lists all of the medications reported as taken for sleep). Of those children documented to have a sleep diagnosis on the registry form, 37% of children were taking 1 medication for sleep, 7% were taking 2 medications for sleep, 2% were taking 3 medications for sleep, and <1% were taking 4 medications for sleep (total of 46% taking at least 1 medication for sleep). 
RESULTS

DISCUSSION
The key findings of this study support our hypotheses that sleep concerns are commonly reported by parents and clinicians, medications are commonly used for sleep difficulties, and medication use for sleep is associated with challenging daytime Data were missing for 1 child in each group; therefore, "n" = 456 rather than 457 and 1060 rather than 1061. a Apart from α-agonists and melatonin, the following medications were recorded as "taken for sleep": amitriptyline, aripiprazole, carbamazepine, chloral hydrate, cetirizine, coenzyme Q10, diphenhydramine, fl uticasone, fl uvoxamine, hydroxyzine, iron supplements, lamotrigine, lorazepam, levetiracetam, mirtazapine, nortriptyline, omega-3, paroxetine, propranolol, quetiapine, thiamine, topiramate, trazadone, vitamin B-12, and zonisamide. Some children were taking >1 medication. Data are presented as means ± SDs. Due to missing data, "n" for each variable may be less than the total sample "N".
by guest on March 20, 2016 Downloaded from behaviors and poorer quality of life. To our knowledge, this is the largest study in children with ASD to examine sleep difficulties in relation to medication use. Additional strengths of our work are the inclusion of both younger and older children and a well-characterized sample, with careful attention to autism diagnosis.
Parent report of sleep concerns, as defined by a CSHQ score of ≥41, was 71%, which is consistent with the prevalence reported in previously published studies of 50% to 80%. [1] [2] [3] The report of sleep diagnoses captured on a clinician report was much lower (30%), and when examined at a site level, was even more variable. There are several possible reasons for this discrepancy. First, because of the many needs of children with ASD, sleep concerns may be eclipsed by these other needs, especially in the limited time available at a clinician visit. Site variability may have resulted from how attuned clinicians were to asking parents about sleep, how vocal parents were about expressing sleep concerns, or other factors. Working with both primary care providers and autism medical specialists in a collaborative fashion to further develop and implement practice guidelines for sleep may be warranted. This process would include developing a standard procedure for eliciting a history of sleep concerns from parents during a clinical visit. The ATN has developed a practice pathway for insomnia that includes attention to diagnosis as well as treatment and follow-up, although it will require comprehensive testing to determine its usefulness in clinical practice. 11 Second, in light of the high prevalence of reporting sleep disturbance not otherwise specified as a diagnosis, clinicians may not have been familiar with the criteria for other ICD-9 sleep diagnoses. Finally, the cutoff score of 41 used on the CSHQ may be too low for use in ASD, especially in younger children. In the initial CSHQ validation study, a total score >41 differentiated children in a sleep clinic sample from children in the general population who were ages 4 to 10. 15 Additional work is needed to establish appropriate cutoff scores for the CSHQ in the younger and older populations.
Medications for sleep were commonly used in children, with many taking >1 medication for sleep. Even those children whose Diagnosis and Problems form did not capture a sleep diagnosis had a relatively high prevalence of medication use for sleep. This finding may be due to the clinician no longer considering a sleep diagnosis active because it was adequately treated with medication. A variety of medications with the potential for side effects were taken in both the younger and older children. This finding supports the need for evidence-based trials of medications for sleep in this population. Medications were also prescribed in children whose forms captured a diagnosis only consistent with behavioral insomnia of childhood and inadequate sleep hygiene, although to a lesser extent than in children with other sleep diagnoses. Given that behavioral insomnia of childhood and inadequate sleep hygiene were commonly diagnosed sleep disorders, treatments that emphasize parent sleep education either alone or in combination with medications appear to be warranted. 22, 23 These behavioral treatments, including those emphasizing a calming bedtime routine and soothing sleep environment, are also effective for other forms of insomnia, including those related to core deficits of ASD.
We found that medication use for sleep was associated with more challenging daytime behaviors and lower quality-of-life scales. It is possible that sleep disturbance itself is driving this relationship. It is also possible that a clinician would be more likely to use a medication for sleep in a child with more difficult daytime behaviors. This association of medication use for sleep with more challenging daytime behaviors and lower quality-of-life scales suggests that either (1) the sleep medications were not successfully treating sleep disturbance or (2) the sleep medications, even if successfully treating sleep disturbance, were not favorably affecting daytime behaviors and quality of life. Because of the nature of the registry, we were not able to establish causality. However, these findings underscore the need for both longitudinal and interventional studies to determine whether improvement of sleep disturbance with medications also improves daytime behaviors and quality of life. Our finding that 46% of children aged 4 to 10 years with sleep diagnoses were taking at least 1 medication for sleep suggests that medication use for sleep is common in the ASD population. Although the literature does not provide the prevalence of sleep medication used in children without ASD, a survey of communitybased pediatricians reported prescribing sleep medications more frequently for children with ASD (38% of physicians) than those with typical development (23% of physicians). 24 Although these survey findings likely reflect the higher prevalence of sleep problems in ASD than in the general population, our work and that of others 25, 26 underscore the importance of regarding patients with ASD as a priority population in the treatment of pediatric sleep disturbance.
Our work has several limitations. First, the ATN registry data did not include longitudinal data needed to tease out the relationship between medication use and sleep diagnosis. As noted above, children taking medications for sleep may not have had a sleep diagnosis captured at subsequent visits if the medication treated the sleep problem. Second, given the nature of the registry, we used broad categories to capture sleep diagnoses and medications.
As mentioned earlier, clinicians may not have been familiar with the criteria for the ICD-9 codes for the different sleep diagnoses. Third, the information on which children were "prescribed" medications is not available. Thus, the data only capture children taking medication on the basis of parent report (ie, usage rates are not exactly equivalent to prescription rates). Fourth, we did not capture how many children received behavioral sleep education in conjunction with medications. Finally, the registry did not include sufficient data to assess change in sleep diagnoses or medication usage over time. The ATN recently added longitudinal data collection to better define the trajectory of sleep problems and other medical co-occurring conditions.
In summary, our findings provide support that medication use for sleep is common in children with ASD. Because many of these medications may have adverse effects, studies of interventions for sleep appear to be warranted, along with the development and implementation of guidelines for increasing clinician diagnosis of sleep disorders in children with ASD.
